ABSTRACr Spirometric indices, lung volumes, maximum voluntary ventilation, and maximum inspiratory and expiratory pressures were measured in 44 adolescents with mild idiopathic scoliosis (spinal curvature less than 300). All were symptom free, but six (13.6%) showed a restrictive defect with forced vital capacity less than 80% of predicted. In 12 subjects (27.3%) maximum voluntary ventilation was reduced to less than 80% of predicted normal. Forced vital capacity was significantly correlated with maximum inspiratory pressure and with maximum expiratory pressure, measures of respiratory muscle strength, but was not related to the degree of thoracic curvature. When maximum inspiratory pressure and forced vital capacity were corrected for differences in body size these variables remained positively correlated, most significantly in the girls. These data indicate that ventilatory function may be impaired in mild, idiopathic scoliosis and that the force developed by the respiratory muscles is a more important determinant of this impairment than the radiologically determined degree of spinal curvature.
A reduction in vital capacity is a characteristic finding in patients with scoliosis. Total lung capacity may also be reduced, with residual volume usually found to be within normal limits.' In moderate (curves of 30-50') to severe (curves >50°) scoliosis the reduction in vital capacity is related to the measured degree of spinal curvature,' 2 and there is necropsy evidence of both reduced alveolar size and number in the compressed lobes. 3 As the measured ventilatory abnormalities can usually be related to the angle of spinal curvature it might be reasonable to assume that extrapulmonary lung restriction and altered chest wall mechanics are entirely responsible. There is, however, evidence of respiratory muscle weakness in patients with moderate to severe scoliosis, in particular of the postparalytic type. Cook et al and Gibson et al drew attention to the reduced maximum inspiratory and expiratory pressures that their patients were able to generate,45 but these studies examined only patients with severe curvature, and few studies of scoliosis have dealt exclusively with the idiopathic form of the disease. Accordingly, we examined the relation between forced vital capacity, maximum voluntary ventilation, and muscle force in a group of young patients with mild idiopathic scoliosis to evaluate the role of respiratory muscle weakness in their ventilatory impairment.
Methods
Forty four adolescents (12 boys, 32 girls) with idiopathic scoliosis were referred for study. A standing three foot anteroposterior chest radiograph was taken in each subject within two months after the start of the study, and the angle of the thoracic curvature was measured by the method of Cobb.6 Subjects with curves greater than 350 were excluded. All subjects denied having cardiopulmonary symptoms, and none was receiving medical treatment at the time of the study. Informed parental consent was obtained for all participants.
Spirometric indices were recorded from the best of three maximum expiratory flow volume curves using a computerised system (Pulmonizer 525, Med-Science, St Louis, MO). Maximum voluntary ventilation was determined from a 12 second test.' All volumes were corrected to body temperature, pressure, and saturation. Non-deformed body height was estimated from arm span measurements 901 902 using the regression equations of Linderholm and Lindgren.8 These calculated body heights were then used in the predictive equations of Weng and Levison.9 Functional residual capacity was determined by the helium dilution method.'0 Maximum inspiratory and expiratory pressures were obtained by a modification of the method of Black and Hyatt," using a mercury filled U tube (internal mouthpiece diameter = 2 3 cm). Each subject was instructed to exhale to residual volume or inhale to total lung capacity, before attempting to inhale/ exhale maximally into the mouthpiece. Each subject was also instructed to avoid collapsing the cheeks during measurement of maximum inspiratory pressure. If inspection showed air leakage around the lips during the manoeuvre the measurement was repeated until technically satisfactory. The value was recorded as the level of the mercury column that was sustained for 2-3 seconds. Each measurement was performed at least twice and the highest value was recorded and expressed in cm H2O.
Relations (table 3) . Maximum inspiratory pressure (% predicted) and forced vital capacity (% predicted) were positively correlated for all subjects, this correlation reaching significance for girls (r = 0-40, p < 0.05).
A weak negative correlation between these variables was not significant for the small number (12) A reduction in vital capacity in severe scoliosis was first reported by Schneevegt in 1854, an observation confirmed subsequently by numerous investigators. Kafer described several possible mechanisms for the effects of scoliosis on lung volumes.'4 They included abnormal development of the thorax, the increased elastic force of the respiratory system, which opposes the muscle forces during maximum inspiration and expiration, and the effects of the deformity on the development of inspiratory or expiratory muscle force. She noted, however, that there were insufficient physiological data to determine the relative importance of these mechanisms. Numerous studies have shown a strong correlation between the degree of thoracic curvature and reductions in vital capacity in severe scoliosis. Other studies of patients with idiopathic scoliosis have shown correlations between the compliance of the total respiratory system and the degreee of curvature.'5 Maximum respiratory pressures as an index of respiratory muscle strength have been found to be reduced in severe idiopathic scoliosis.4 The correlation between respiratory muscle strength and reduction in lung volume is stronger, however, in neuropathic scoliosis, a form of the disorder in which the relation between respiratory system compliance and angle of curvature is not significant. '4 This has suggested an important role for respiratory muscle weakness in the development of lung restriction in neuropathic forms of the disease. Our data in mild idiopathic scoliosis paralleled previous findings in neuropathic scoliosis by showing that forced vital capacity was better related to respiratory muscle power than to the degree of spinal deformity. Thus a decrement in respiratory muscle strength may be an important clinical finding in both forms of the disease.
Our results agreed with those of Jones et al,'6 who studied adolescent girls with idiopathic scoliosis of mild, moderate, and severe degree, using chest strapping, and found that mechanical impediment alone did not account for the reduced vital capacity of idiopathic scoliosis. Jones et al also found a reduction in maximum inspiratory and expiratory mouth pressures in patients compared with control subjects and suggested that the respiratory muscles were at a mechanical disadvantage in this disorder. Also in agreement with Jones et al, we observed a reduction in the ratio of maximum expiratory pressure to maximum inspiratory pressure in our patients compared with the controls (1.01 v 1.12) but, in contrast, we found that maximum inspiratory pressure correlated best with the reduction in vital capacity. This correlation between vital capacity and maximum 904 inspiratory pressure is more physiologically appealing in view of the known importance of inspiratory muscle strength in the determination of vital capacity.7 This relation between maximum inspiratory pressure and forced vital capacity probably cannot be accounted for solely by differences in body size among subjects; a similar positive association was observed when these variables were expressed as a percentage of predicted normal values. The lack of correlation between lung volume and spinal curvature in our study, however, probably reflected in part the inadequacy of lateral curvature measurements alone as a complete description of thoracic deformity.
Kafer reported an inverse relation between the angle of curvature and body weight in idiopathic scoliosis.'4 She concluded that body growth may be impaired in scoliosis by a mechanism as yet to be determined. In our study there was a significant correlation between body weight and maximum inspiratory pressure (r = 0-42, p < 0 005). Reduced maximum inspiratory values may therefore result from growth impairment seen in idiopathic scoliosis, including perhaps a decreased muscle mass. No primary metabolic or muscular abnormality has been identified as the cause of idiopathic scoliosis, although some evidence suggests that the disease is genetically linked.'7
Our data did not allow us to determine whether reduced respiratory muscle strength is a primary mechanism in the development of idiopathic scoliosis or merely secondary to other pathogenetic factors. Our observations should, however, direct attention to the importance of the pathophysiological derangements seen in idiopathic scoliosis. Whatever primary abnormality or abnormalities underlie idiopathic scoliosis, it may be useful to consider the role of the respiratory muscles when developing treatment strategies to improve, or at least prevent deterioration of, pulmonary function in this condition.
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